Frozen or padim-embedded human and rat lung specimens were stained with antibodies against total actin, a-smooth muscle (SM) actin, vimentin, desmin, or gelsolin. Alveolar interstitial myofibroblasts [i.e., contractile interstitial cells (CIC)] were labeled by total actin antibody bur not by a-SM actin antibody. They stained for vimentin and gelsolin and, in rat lungs, most of them for desmin. Pericytes located around venules at the junction of three alveolar septa were always positive for a-SM actin and never for desmin. Tissue samples were also immunostained by an a-SM actin antibody and studied by electron microscopy. With this technique we confirmed that cells, identified as pericytes on the basis of their location, were intensely labeled by a-SM actin
Introduction
Normal pulmonary alveolar septa contain capillary endothelial cells, Type I and Type I1 epithelial cells, macrophages, fibroblasts, myofibroblasts, and pericytes. The distinction between alveolar myofibroblasts [i.e., contractile interstitial cells (CIC)] and pericytes is difficult, and has been a subject of debate for many years. The existence of true pericytes, described originally by Weibel (I) , was questioned by our group (2) (3) (4) . We claimed that most of the cells defined by Weibel as pericytes are, in fact, those we have named CIC, i.e., alveolar myofibroblasts (2,3) .
The development of immunohistochemical methods that allow the identification of cytoskeletal features of different cells has enabled the morphologist to define, with much more precision than previously, cells that appear alike by light and electron microscopy. Thus, we suggested in a previous study with light microscopic immunohistochemistry that pericytes could be distinguished from alveolar myofibroblasts by a-SM actin staining (4). Meanwhile, the concept that stromal cells in different organs or in culture can have distinct morphological and immunohistochemical features has been I Supported in part by the Swiss National Science Foundation (Grants * Correspondence to: Yusuf Kapanci, MD, Dept. of Pathology, Centre 31-30796.91 and 31-26614.89 ).
MEdical Universitaire, CH-1211 Geneva 4, Switzerland. antibodies, whereas alveolar myofibroblasts were not. We conclude that in the lung interstitium pericytes and alveolar myofibroblasts have distinct cytoskeletal features, a-SM actin antibody staining being a simple method to distinguish between them. Furthermore, it appears that alveolar myofibroblasts have a peculiar pattern of cytoskeletal protein composition which, in the rat, is similar to that previously desuibed for stromal cells in uterine submucosa, liver sinusoids (Ito cells), or the core of intestinal villi. (JHistochem Cytochem KEY WORDS: Myofibroblast; Pericyte; Pulmonary interstitium; Normal lung; a-smooth muscle actin; Conuactile interstitial cell: Actin.
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proposed by several laboratories (5-9); in particular, it has been shown that myofibroblasts at different locations and in various normal or pathological conditions have different cytoskeletal protein compositions (5,6,10,11).
To clarify the cytoskeletal features of septal cells, we have analyzed the cytoskeletal protein composition of alveolar myofibroblasts and of pericytes at the light microscopic level, using antibodies for actin, a-SM actin, desmin, vimentin, and gelsolin. Furthermore, the possible presence of a-SM actin in these cells has been investigated by immunoelectron microscopy with Lowicryl resin-embedded samples.
Materials and Methods
Human pulmonary tissue was obtained from surgical and autopsy material. In six cases, uninvolved areas of lungs resected for cancer were studied by light and electron microscopic immunohistochemical methods (see below). In four autopsy cases, only light microscopic immunohistochemistry was performed. Furthermore, 30 rat lungs were investigated by light microscopy and five of them were also examined by electron microscopy after immunogold staining.
For light microscopic immunohistochemistry, human and rat lung tissue samples were studied either on paraffin sections with immunoperoxidase staining or on frozen sections by immunofluorescence. For immunoperoxidase staining, tissue samples were fixed in 8% formaldehyde, Methacarn (methanol, chloroform, acetic acid) or in Dubosq-Brazil (picric acid, alcohol, acetic acid) solutions. Rat lungs were fixed by intratracheal KAPANCI, RIBAUX, CHAF'ONNIER, GABBIANl (c) Lowycryl-embedded thick lung section (human) stained for a-SM actin; (d) a-SM actin staining of human lung tissue. Note the positivity of interstitial cells (myofibroblasts) to actin (arrowheads) but not to a-SM actin.
The vessels and alveolar ring muscles (arrows) serve as positive controls for the staining. a,b,d, ABC staining; c, colloidal gold immunolabeling. Bars = 25 pm. instillation, human lungs by immersion. The samples were then embedded in paraffin and immunostained, as described elsewhere (4), by a rabbit polyclonal actin antibody (12) . monoclonal a-SM actin antibody (13), or poly-or monoclonal desmin antibodies (11) . For immunofluorescence, the samples were frozen in 2-methylbutane (Uvasal; Merck, Darmstadt, Germany) solution dipped into a liquid nitrogen bath. They were cut on a cryostat in serial sections 3 pm thick and stained by the same antibodies as mentioned above and also by polyclonal rabbit gelsolin (14) and vimentin (DAKO; Glostrup, Denmark) antibodies. When possible. the sections were stained by several combinations of double immunofluorescence.
For electron microscopic immunochemistry, cubes of lung tissue were fixed for 3 hr in a freshly prepared 2 % paraformaldehyde plus 0.5% glutaraldehyde solution. They were then rinsed in PBS, dehydrated in ethanol, embedded in Lowicryl K4M resin (15,16), and stained by a-SM actin antibody followed by goat anti-modse IgG antibody coupled with colloidal gold (17). Pictures were taken from light and electron microscopic preparations with a Zeiss Axiophot microscope and a Philips 400 electron microscope, respectively.
Results

Light Microscopy
The most efficient fixation for preservation of intermediate filament protein antigenicity appeared to be Methacarn, followed by Dubosq-Brazil. In lungs fixed by formaldehyde, staining of interstitial cells was always poor. Good structural and antigenic preservation has been shown to be dependent on fixation time and conditions (18) .
In paraffin-embedded human and rat lung samples, alveolar interstitium contained many actin-laden cells (Figures la and Ib) identified as alveolar myofibroblasts, as has been discussed in previous reports (4). In addition to these cells, bronchial, arterial, and venular walls, as well as a rim of cells around the small vascular ramifications, were actin positive. Furthermore, cross-sections of alveolar rings, which are located at the opening of alveoli into the alveolar ducts and appear as tiny muscle bundles, stained intensely with actin antibodies (4). Immunostaining did not demonstrate any actin in epithelial cells, as shown previously by EM (3, 19 ). a-SM actin antibody sharply stained arterial, venular, and bronchial walls, as well as alveolar rings (Figures IC and Id) . It also stained the thin discontinuous rings that surrounded the small venules and the peripheral vascular lumens located at the junction of three alveolar septa (Figures 2a and 2b) . At the level of the alveolar septa, no a-SM actin-laden cells were visible. Occasionally, however, a very thin cytoplasmic process of a perivascular a-SM actin-positive cell insinuated for a short distance between the capillaries of alveolar septa.
On paraffin sections of rat lungs, several interstitial cells appeared desmin positive only when tissue was fixed in Methacarn ( Figure 2c ). With other fixatives and in human lung, no cells were stained by desmin, whereas vascular and bronchiolar walls were labeled ( Figure 2d ). Vimentin antibody stained alveolar myofibroblasts as well as the thin ring of perivascular cells located at the junction of three alveolar septa. For some unknown, possibly technical, reason, the vimentin staining was never uniform.
On frozen sections, a-SM antibody staining resulted in a clearcut labeling of vessels and bronchi as well as alveolar ring muscles, but the alveolar septa of both rat and human lungs were not labeled (Figures 3b and 3d) . In the rat, many desmin-positive alveo- lar myofibroblasts, characterized by their long and undulating cytoplasmic processes, were seen (Figure 3a) . In human lungs, however, no desmin positive interstitial cells were noted. In human and rat, bronchial and arteriolar walls were desmin positive, whereas the walls of small vessels were negative. Alveolar myofibroblasts and perivascular cells were strongly stained with gelsolin antibody (Figure 3c) ; vascular and bronchial muscles, as well as epithelial cells, were also positively labeled with this antibody.
Electron Microscopy
Arterial muscle cells, bronchiolar muscle fibers as well as alveolar ring muscle were densely labeled for a-SM actin. This constituted our positive control (Figure 4) . Long, thin, and irregular cytoplasmic processes of alveolar myofibroblasts were recognized by the fact that they were situated next to the alveolar epithelium, and they ran a somewhat irregular sinusoidal pattern ( Figures Sa and 5b) . These cells possessed few organelles and contained microfilaments 7 nm in diameter (1) (2) (3) . Colloidal gold particles identifying a-SM actin were never observed in the cytoplasm of these cells, whereas they were abundant in perivascular cells recognized as classical peri-cytes ( Figure 6a ). Indeed, such colloidal gold-labeled cells were located next to the venular endothelium and within the basement membrane (Figures 6a-6c ). Occasionally such cells could be followed along the vascular ramifications down to the capillary level.
In addition to their labeling by the a-SM actin antibody, their morphology, including the presence of microfilament bundles, was very much like that of alveolar myofibroblasts.
Discussion
According to our findings, two distinctive features enable differentiation of alveolar myofibroblasts from pericytes. Although they both contain ultrastructurally visible bundles of microfilaments, myofibroblasts are not labeled with a-SM actin, and may contain (but only in the rat) desmin-positive intermediate filaments. Conversely, cells identified as pericytes on the basis of morphological criteria are labeled with a-SM actin antibodies, but not with desmin antibodies. Therefore, they appear similar to most classic pericytes of other organs (17,20,21) . These results confirm our preliminary observations suggesting that a-SM actin immunostaining distinguishes between interstitial myofibroblasts and pericytes in the normal alveolar tissue (4). It is noteworthy that epithelial cells which, as shown previously, contain some unorganized actin microfilaments (3,19) , are not stained by anti-actin antibodies on paraffin sections. Classically, pericytes are related to muscle cells (17,21); functionally they play an important role in the preservation of the shape and form of capillary vessels (20,21). In the lungs, however, the capillary deformation is thought to result from the passive modifications of alveolar architecture. In fact, when an alveolus is closed, such as during lung deflation. folding of the air-blood barrier into the capillary space closes the lumen and unfolding of the barrier during inflation opens it (22). The same closing or opening of the capillary lumen by folding or unfolding of the air-blood barrier may occur as an active phenomenon, owing to the contraction of alveolar myofibroblasts that contain bundles of microfilaments, albeit negative to a-SM actin staining (3.23). Hence, in some respects, the alveolar myofibroblasts appear to functionally replace the peri-cytes of other tissues. This may explain why, in alveolar tissue, typical pericytes located around the small veins extend down to the walls of post-capillary venules (or pre-capillary arterioles) and not beyond; only exceptionally d o their cytoplasmic processes reach the capillary walls.
Recently, it has been shown that classic pericytes do not always have the same cytoskeletal features (20,21). In particular, those that surround capillary vessels along the mesenteric tree are not laden with a-SM actin, despite the fact that they contain microfilament bundles. On the other hand, pericytes located in small venules are characterized by the presence of this actin isoform. In theory, therefore, on the basis of the presence or absence of a-SM actin isoform in the cytoplasm, it would be difficult to distinguish between a pericyte and a stromal cell, such as an alveolar myofibroblast. Other cytoskeletal features of alveolar myofibroblasts, such as the fact that they contain desmin in rat alveolar septa, cause these cells to resemble other stromal cells, i.e. Ito cells of the liver (24). myofibroblasts in the core of intestinal villi (13.25). and subendometrial stromal cells of the uterus (26). Furthermore, the situation of myofibroblasts in alveolar septa being anchored on the alveolar basement  membrane (3,8) is totally different from that of classic pericytes. We conclude that, irrespective of their name, two types of potentially contractile cells are present in lung interstitium. The first resemble classic pericytes and are located around post-capillary ven-ules (or pre-capillary arterioles); the second, which we call alveolar myofibroblasts, are situated between the capillary network along the collagen fibers and are anchored on the alveolar basement membrane (2.3). These two types of cells exhibit different cytoskeletal features and may have different functions: the pericyte would exert the classic activity of vascular tone regulation, whereas the myofibroblast would be important in the folding and unfolding of the air-blood barrier (3, 23) . At present, except in post-capillary pulmonary hypertension (4) (see below), we do not know whether septal myofibroblasts can alter the cytoskeletal equipment and exert other functions under pathological conditions. It is worthwhile recalling that myofibroblasts, in normal and/or pathological tissues, show several cytoskeletal phenotypes characterized by the expression of cytoplasmic actins and vimentin (V type), a-SM actin and vimentin (VA type), cytoplasmic actins, vimentin, and desmin (VD type), or a-SM actin, vimentin, and desmin (VAD type) (4,5,24) . Furthermore, myofibroblasts that are of one type under normal conditions may transform into other types under pathological conditions (6,24). For example, in normal breast, stromal cells of the connective tissue are of the V type, whereas in the stroma of mammary cancer they are of the VA or VAD type (13 27).
In human lungs, alveolar myofibroblasts express vimentin and cytoplasmic actins; hence they are of the V type. In the rat, they also express desmin, being of the VD type. During post-capillary pulmonary hypertension, these cells acquire the expression of a-SM actin; they hence become of the VA type (4). It would be of interest to study the extent to which these cells participate in the development of human and experimental lung fibrosis.
Until now, desmin-positive interstitial cells have not been reported in lung alveolar interstitium. This is probably due to the fact that intermediate filament studies were usually performed on paraffin-embedded material fixed in formalin or in Bouin's solution. In our experience, also reported by others (18), the sensitivity of immunofluorescence is higher than immunoperoxidase on paraffin sections; on paraffin sections, good desmin staining is possible only when the material is fiied in Methacarn. Rat alveolar myofibroblasts belong to a subpopulation of desmin-positive stromal cells (6). It is noteworthy that mesangial cells of the glomerulus are desmin positive in the rat but negative in humans (28). They have also been shown to acquire a-SM actin expression in pathological conditions (29), in analogy to what has been shown for alveolar myofibroblasts (4).
The presence of gelsolin in alveolar myofibroblasts is intriguing. Gelsolin is implicated in the control of actin assembly and disassembly by severing, nucleating, and capping activities. These interactions are regulated by calcium and polyphosphoinositides (30). Gelsolin, particularly abundant in smooth muscle cells (14), is localized in certain stromal cells and epithelial cells under normal conditions and appears in other stromal cells under pathological conditions (31). Although the exact function ofgelsolin in stromal cells is a matter of speculation, our observation confirms the heterogeneity of stromal populations.
In conclusion, it appears that the cytoskeletal protein composition of alveolar interstitial cells is heterogeneous. The pericytes located around preor post-capillary vessels are laden with a-SM actin but contain no desmin. Alveolar interstitial myofibroblasts, on the contrary, are devoid of a-SM actin in human and rat but express desmin immunoreactivity in rat lung. These findings suggest different functions for classic pericytes and alveolar myofibroblasts and justify, in our opinion, the different denominations. As shown elsewhere (4), alveolar myofibroblasts seem to have cytoskeletal equipment which enables them to modulate a-SM actin in postcapillary pulmonary hypertension.
Further studies are necessary to investigate other conditions in which such a change in the cytoskeletal composition of myofibroblasts occurs. A better insight into the modulation of cytoskeletal proteins in normal and pathological conditions will allow a better understanding of the functional implications of these contractile proteins in lung tissue.
